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® WET NONWOVEN CLOTH AND METHOD OF MANUFACTURING THE SAME. 

^ ® A wet nonwoven cloth containing a polymer of a high water absorbability and pulp, and a method of 

If) manufacturing the same. Since this wet nonwoven cloth has a high water absorbability and a high homogeneity, 

00 it can be provided as a thin wet nonwoven cloth. 
00 
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Detailed Description of the Invention 
Field of the Invention 

5 This invention relates to a wet non-woven fabric and a method for producing the same, and. more 
specifically, to a wet non-woven fabric having an excellent water absorption property and a method for 

producing the same. 

Prior Art 

10 

Non-woven fabrics having an excellent water absorption property have already been commercialized. 
Most of them are dry non-woven fabrics. To improve their water absorption percentage, absorptive polymer 
fibers or particles are contained in the dry non-woven fabrics. In the paper making case where the 
absorptive polymer fibers or particles are mixed with a wet non-woven fabric, as an absorptive polymer fiber 
75 or particle generally used has a diameter as large as 0.5 to 2.0 mm. the water absorptive polymer fiber or 
particle swells to approximately 1000 times its original size and has a diameter of several millimeters at 
mixing with water. Consequently, the water absorptive polymer fiber or particle has the disadvantage that it 
excludes other fibers at the time of paper-forming and falls off from the non-woven fabric when it Is dried 
after paper-making. 

20 Furthermore, the water absorptive polymer fiber or particle has another disadvantage that an increase in 
its mixing ratio with the fabric lowers the strength of the wet non-woven fabric. Therefore, to overcome this 
disadvantage, the absorptive polymer fiber or particle is dispersed between layers of a laminate. However, 
this method requires additional cost for stacking layers, thus boosting costs. 

Japanese Patent Publication No. 55202/1986 discloses a method which comprises the steps of 

25 impregnating a non-woven fabric with a monomer before polymerization and then polymerizing the 
monomer. Since the method requires an intricate apparatus, a large amount of initial investment is 
necessary, also inviting an increase in costs. 

Description of the Invention 

30 

An object of the invention is to provide a wet non-woven fabric having a uniform water absorption 
property. 

Another object of the invention is to provide a method for producing the wet non-woven fabric of the 
invention with ease at a low cost. 
35 Other objects and advantages of the invention will become apparent in the following description. 

Firstly, according to the present Invention, the above-mentioned objects and advantages of the invention 
are attained by a wet non-woven fabric which comprises (A) a highly water absorptive polymer in an amount 
of 5 to 60 % by weight and (B) pulp in an amount of 40 to 95 % by weight, based on the total weight of the 
components (A) and (B), 

40 Secondly, according to the present invention, there is provided a method for producing a wet non- 
woven fabric which comprises the steps of: 

wet pulverizing at least one of a highly water absorptive polymer fiber and particle while it is swollen 
with water; 

mixing it with pulp; and 
46 making paper of the resulting mixture; 

or pulverizing at least one of a highly water absorptive polymer fiber and particle while it is swollen with 
water, together with pulp and beating them; and 
making paper of the resulting mixture. 

50 Brief Description of the Drawing 

Fig. 1 and Fig. 2 are SEM photos of a wet non-woven fabric obtained in Example 2, Fig. 2 is an 
enlarged view of Rg. 1. Wrinkled portions are pulp and non-wrinkled portions are a highly water absorptive 
polymer. 

55 
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Most Preferred Embodiment of the Invention 

The highly water absorptive polymer used in the present invention is preferably a copolymer of a 
monomer having a carboxylic acid group, a monomer having a hydroxy! group that can form an ester bond 
s upon reaction with a carboxylic acid group, and a monomer having an alkali metal salt carboxylate group. 
The polymer has a crosslinking structure and exhibits the water absorption ability to absorb 1200 % by 
weight or more and less than 3000 % by weight of physiological saline solution. 

Examples of the monomer having a carboxylic acid group include acrylic acid (abbreviated as AA 
hereinafter), methacrylic acid, maleic acid and so forth. They may be used alone or In combination of two or 
10 more. 

Examples of the monomer having a hydroxyl group include hydroxyethylmethacrylate (abbreviated as 
HEMA hereinafter), hydroxypropylmethacrylate, hydroxyethylacrylate, hydroxypropylacrylate, glyceril- 
monomethacrylate. glycerilmonoacrylate. and so forth. They may be used alone or in combination of two or 
more. 

15 Examples of the monomer having an alkali metal salt carboxylate group include alkali metal salts of AA, 
methacrylic acid, maleic acid and so forth. Examples of the alkali metal include sodium (abbreviated as Na 
hereinafter), potassium and so forth. They may also be used alone or in combination of two or more. 

The monomer having a hydroxyl group is preferably used in an amount not more than the equivalent 
mol of the monomer having a carboxylic acid group. It is advantageous to use the monomer having a 

20 hydroxyl group in an amount of at least 0.5 % by weight based on the total weight of the monomer having a 
carboxylic acid group, the monomer having a hydroxyl group and the monomer having an alkali metal salt 
carboxylate group. Below 0.5 % by weight, the crosslinking density of the resulting copolymer may be too 
small. 

The weight ratio of the monomer having a carboxylic acid group to the monomer having an alkali metal 

25 salt carboxylate group is preferably in the range from 1/1 to 1/10. The total of the monomer having a 
carboxylic group and the monomer having an alkali metal salt carboxylate group is preferably in the range 
from 70 to 99.5 % by weight, more preferably from 80 to 95 % by weight, based on the total weight of 
these monomers and the monomer having a hydroxyl group. Below 70 % by weight, the saline solution 
absorption percentage of the resulting copolymer may be insufficient, which is not desirable. 

30 In addition to the above-mentioned monomers, other vinyl monomers such as vinyl acetate (abbreviated 
as VA hereinafter) and acrylonitrile may be used to provide the copolymer with plasticity. The amount of 
monomer for plasticizing the copolymer is preferably not more than 30 % by weight. 

The polymerization method of the highly water absorptive polymer used in the present invention is not 
limited specifically. Water-base polymerization may be used if the monomer composition is water soluble. 

35 Generally used sodium persulfate and other suitable substances may be used as a polymerization initiator. 

The spinning method for obtaining the highly water absorptive polymer fiber used in the present 
invention is preferably generally used dry spinning. In the case of wet spinning, an organic solvent must be 
used because water cannot be used as a coagulant. After dry spinning, the highly water absorptive polymer 
is drawn to at least 1.3 times by dry heating while it contains not less than 10 % by weight of water, and 

40 then subjected to crosslinking treatment by dry heating. Thereafter, the resulting fiber is suitably crimped 
and cut. When the fiber Is not drawn to 1.3 times or more while it contains not less than 10 % by weight of 
water, the strength of the resulting fiber would be insufficient. Although a fiber having a large molecular 
weight absorbs a large quantity of water, it is hard to be drawn because of its large molecular weight, and 
the strength of the fiber tends to decrease. 

45 The highly water absorptive fiber produced by the above-mentioned method and used In the present 
invention preferably absorbs 1200 % by weight or more and less than 3000 % by weight of a physiological 
saline solution, more preferably 1800 % by weight or more and less than 3000 % by weight. Above 3000 % 
by weight, the fiber strength is apt to deteriorate. 

Since the above-mentioned highly water absorptive fiber exhibits excellent resistance to flame, it can 

50 provide a wet non-woven fabric with resistance to flame even if it is mixed with pulp in an appropriate 
amount. 

The average diameter of the highly water absorptive fiber used in the present Invention when it is dry is 
preferably not more than 50 um. more preferably not more than 20 um. Above 50 um, the quality of the 
resulting wet non-woven fabric formed into paper deteriorates. That is, the wet non-woven fabric to be 
55 produced deteriorates in uniformity and strength. 

Furthermore, the highly water absorptive fiber used in the present invention is preferably not more than 
20 mm in length. 
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Examples of the highly water absorptive polymer particle used in the present invention include 
commercially available sodium polyacry late-base, graft polymerized starch-base and polyethylene oxide- 
base particles, but the highly water absorptive particle used in the present invention is not limited to these. 
There are great differences in size among these commercially available highly water absorptive polymer 

5 particles: a large one is almost 1 mm in diameter. When these particles absorb pure water and swell, they 
become approximately 10 times larger in diameter and, hence, they are not suitable for the formation of 
paper. Even if the highly water absorptive polymer is pulverized directly into powders to reduce its size, the 
powders aggregate and become a big mass when they are dispersed into water. When it is pulverized into 
powders while it is dry, the powders are apt to easily absorb moisture because of their large surface areas. 

10 Therefore, they aggregate in storage, thus making it difficult to handle them. 

According to the method of the present invention, the highly water absorptive polymer fiber or particle 
is wet pulverized while it is swollen with water. Thereby, the fiber or particle does not aggregate but is 
uniformly dispersed. The average diameter of the pulverized highly water absorptive fine polymer in the 
form of an amoeba preferably falls below 50 urn, more preferably below 20 urn. when it is dry. Above 50 

?5 um, the quality of the produced wet non-woven fabric deteriorates. The smaller the average diameter of the 
polymer, the better texture it achieves. In other words, the uniformity, strength and other factors of the 
produced wet non-woven fabric deteriorate. For undenwater pulverization, a mixer with a blade can be used. 
When the concentration of pulp and the polymer of fiber at the time of pulverization is higher than that at 
the time of forming paper. Improved pulverization efficiency can be achieved. After the highly water 

20 absorptive polymer swells, its compatibility with pulp is improved. The above-mentioned highly water 
absorptive fiber which exhibits adhesion may be used in conjunction with the highly water absorptive fine 
polymer particle which exhibits adhesion. When the average diameters of the highly water absorptive fiber 
and the highly water absorptive polymer particle are reduced, their water absorption percentages for highly 
viscous substances such as blood and substances containing a solid matter, for example, are improved. 

25 In the method of the present invention, the wet pulverized matters of the above-mentioned highly water 
absorptive polymer are then mixed with pulp, and paper is formed of the resulting mixture. 

That is. the wet non-woven fabric of the present invention can be obtained by dispersing highly water 
absorptive fibers and/or highly water absorptive fine polymer particles into a pulp slurry which has been 
suitably beaten to control its freeness, forming paper with a paper-forming machine of a short net type or a 

30 long net type and drying paper. For the formation of paper, it is preferred that vibrations are given to the 
paper forming net. The highly water absorptive fiber and/or the highly water absorptive fine polymer particle 
swells in the paper-forming step, but changes into an amoeba-like form when it is dried in the paper. 
However, both of them still exhibit the same water absorption property as that of the original. 

The pulp used in the present invention is not limited to any particular type. NBKP, LBKP and other 

35 pulps that are generally used may be used, but the present invention is not limited to these. The wet non- 
woven fabric of the present invention contains at least 40 % by weight of pulp. Below 40 % by weight, 
paper-forming is difficult and it is not preferable economically. 

According to another method of the present invention, at least one of the highly water absorptive fiber 
and particle while it is swollen with water may be pulverized together with pulp and beaten, and then paper 

40 is made. 

To produce the wet non-woven fabric of the present invention, generally used additives such as a paper 
strength enhancing agent, sizing agent, pigment, flame retardant and antibiotic agent and a binder fiber may 
be used in such amounts that do not significantly impair the water absorption percentage. 

Thus, according to the method of the present invention, the above-mentioned wet non-woven fabric of 
45 the present invention can be produced. 

The water absorptive wet non-woven fabric of the present invention contains 5 to 60 % by weight of a 
highly water absorptive polymer. Although different by each application purpose, when the content is below 
5 % by weight, the water absorption ability of the fabric is insufficient for practical use. On the other hand, 
when it exceeds above 60 % by weight, paper formation is difficult. From a viewpoint of water absorption 
50 and operation efficiency, the highly water absorptive polymer content of the wet non-woven fabric is 
preferably in the range of 10 to 30 % by weight. 

When the wet non-woven fabric of the present invention is observed through an electron microscope, 
the highly water absorptive polymer, for example, adheres to the pulp in an amoeba-like form. 

Since the wet non-woven fabric of the present invention increases in volume when it swells, it may be 
55 used as a water and vapor absorbing packing material with an excellent effect. 

Furthermore, the wet non-woven fabric of the present Invention may contain fibers (such as polyester, 
polyethylene and rayon) which can be formed into paper, other than the highly water absorptive fiber, the 
highly water absorptive fine polymer particle, and pulp. 
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Moreover, the wet non-woven fabric of the present invention may be laminated or coated with a film, 
and the resulting fabric can be printed by gravure or other printing technique. 

Since the water absorptive wet non-woven fabric of the present invention is excellent in not only water 
absorption property but also uniformity, it can be offered as a thin water absorptive non-woven fabric. 

Examples 


The present invention is described in more detail with reference to examples. 

The in the examples indicates "wt%" unless specifically indicated. 
10 The physiological saline solution absorption percentages of the highly water absorptive fiber and the 
highly water absorptive fine polymer particle were measured according to DIN 53814. As for the composi- 
tion of the highly water absorptive fiber, its alkali metal salt content was measured by means of fluorescent 
X-ray analysis. 

A sample dried in vacuum was measured for monomer composition by IR and for polymerization rate 
75 by latroscan MK5 (TLC/FID). The percentages of the highly water absorptive fiber and the highly water 
absorptive fine polymer particle contained in the fabric were obtained by determining the alkali metal by 
means of a fluorescent X-ray or a carboxyl group by means of IR, The strength of the fiber was measured 
according to JIS LI 01 5. The average particle diameter of the water absorptive polymer which was 
pulverized when It was dry was obtained by the image analysis of its SEM photo. 

20 

Production Example 1 

Polymerization compositions shown In Table were subjected to aqueous solution polymerization for 4 
hours at a monomer concentration of 15% and a temperature of 55 'C, using sodium persuffate as a 

25 polymerization initiator. As the result of measurement by means of TLC. there was no peak in the monomer. 
It was observed that the polymerization rate was subsantially 100 %. Hence, the polymerization composi- 
tions of the resulting polymers coincide with those of charges. 

The obtained polymer dope was then concentrated and Its viscosity was adjusted until it reached nearly 
90 poise at 50 'C. In the same manner as conventional dry spun yarn, the polymer dope was ejected into a 

30 dry hot nitrogen stream for spinning, and dried. The yarn containing 20% of water content was extended to 
1.5 times by dry heating at 100 'C. After the yarn was crimped with a gear crimper, it was subjected to dry 
crosslinking treatment for 5 minutes at 120* C and cut to obtain a highly water absorptive fiber of 10 denier 
with a length of 5 mm. The physiological saline solution absorption percentage of the thus obtained highly 
water absorptive fiber is shown In Table 1 . 

35 

Table 1 


Composition 

Polymerization composition (wt%) 

Physiological saline solution 

No. 





absorpiton percentage (wt%) 


AA 

AANa 

HEMA 

VA 


1 

6 

64 

1 

29 

1650 

2 

20 

79.5 

0.5 


2640 

3 

20 

75 

5 


2510 

4 

30 

69.7 

0.3 


3950 

5 

5 

55 

5 

35 

1090 

Note) AA: Acrylic acid, AANa: Sodium acrylate HEMA: Hydroxyethylmethacrylate VA: Vinyl acetate 


The mechanical strength of the resulting fiber was not less than 1 gr/denier and could be subjected to a 
carding. Composition No. 4 had a high water absorption percentage, but was insufficient in crosslnking and 
partly dissolved In water. Composition No.5 had an Insufficient water absorption percentage. 


Examples 1 to 5 and Comparative Examples 1 and 2 

The highly water absorptive fiber of composition No.2 prepared in Production Example 1 was wet 
pulverized, mixed with NBKP pulp which had been beaten to a freeness of 300 ml and formed into paper to 
obtain a basis weight of 100 gr/m^ at mixing ratios of Table 2. The water absorption percentages of the 
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obtained wet non-woven fabrics are shown in Table 2. At the time of paper formation. 0.2 % by weight of a 
paper strength enhancing agent (SUMIRETS 607, manufactured by Sumitomo Chemical Co. Ltd) was added 
to the pulp. In Comparative Example 1, paper strength was insufficient. Furthermore, in Comparative 
Example 2, water absorption percentage was low. 

Table 2 



Mixing ratios of wet non-woven fabric (wt%) 

Physiological saline solution 




absorption percentage (wt%) 


Highly water absorptive fiber 

Pulp 


Example 1 

5 

95 

135 

2 

10 

90 

210 

3 

30 

70 

370 

4 

50 

50 

580 

5 

60 

40 

680 

Comparative Example 1 

65 

35 

730 

2 

3 

97 

80 


Example 6 and Comparative Example 3 

In the same manner as in Example 5. a water absorptive polymer particle (SUNWET IM-5000D. 
manufactured by Sanyo Chemical Industries. Ltd.) was used in place of the highly water absorptive fiber 
and pulverized at a concentration of 1.0% with a mixer. After It was confimied by an SEM that the average 
diameter of the pulverized water absorptive fine polymer particle fell below 50 urn, a predetermined amount 
of the polymer was mixed with pulp and paper was made of the resulting mixture while vibrations were 
given to the net. The water absorption percentage of the obtained wet non-woven fabric was 960 %. The 
wet non-woven fabric had a good texture and uniformity. 

As Comparative Example, a non-woven fabric prepared without pulverizing the water absorptive polymer 
was inferior in uniformity. When vibrations were not given to the net at the time of paper formation, the 
water filtering rate significantly lowered. The obtained wet non-woven fabric was inferior in both uniformity 
and texture. 

Example 7 

The highly water absorptive fiber used in Example 1 and the water absorptive fine polymer particle 
used In Example 6 were mixed together in an equal amount. Thirty (30) parts by weight of this mixture and 
70 parts by weight of pulp were used to produce a wet non-woven fabric in the same manner as in Example 
6. The resultant wet non-woven fabric had a water absorption percentage of 530 % and was excellent in 
both texture and uniformity. 

Claims 

1. A wet non-woven fabric comprising: 

(A) a highly water absorptive polymer in an amount of 5 to 60 % by weight; and 

(B) pulp in an amount of 40 to 95 %. 

by weight based on the total weight of (A) and (B). 

2. A wet non-woven fabric according to claim 1 . wherein 

said highly water absorptive polymer adheres to said pulp in an amoeba-like form. 

3. A wet non-woven fabric according to claim 1 , wherein 

said highly water absorptive polymer is a copolymer of a monomer having a carboxylic acid group, 
a monomer having a hydroxy! group that can form an ester bond upon reaction with a carboxylic acid 
group, and a monomer having an alkali metal salt carboxylate group, and has a crosslinking structure 
and ability to absorb 1200 % by weight or more and less than 3000 % by weight of a physiological 
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saline solution. 

A method for producing a wet non-woven fabric, comprising the steps of: 

wet pulverizing at least one of a highly water absorptive polymer fiber and particle while it is 
swollen with water; 

mixing the pulverized fiber and/or particle with pulp; and 

making paper of the resulting mixture. 

A method for producing a wet non-woven fabric, comprising the steps of: 

pulverizing at least one of a highly water absorptive polymer fiber and particle while it is swollen 
with water together with pulp and beating them; and 

forming paper of the resulting mixture. 

A method according to claim 5. wherein 

vibrations are given to a paper forming net when paper is formed. 


A method according to claim 6, wherein 

vibrations are given to a paper forming net when paper is formed. 
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